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(57) ABSTRACT 

A data queue controlling apparatus including a plurality of 
input interfaces and a method of controlling the data queue 
controlling apparatus is provided. The apparatus performs 
effective data queue controlling Without use of a single 
common data queue and solves the problems in LSI yield, 
operation frequency and poWer consumption by providing a 
plurality of data queues Which are less than the number of 
input interfaces and also providing a means for equally 
sharing the packet data inputted from each input interface to 
each data queue. 
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METHOD AND APPARATUS FOR CONTROLLING 
STORAGE OF DATA 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of Japanese 
Application No. 2004-233387, ?led Aug. 10, 2004, in the 
Japanese Intellectual Property Office, the disclosure of 
Which is incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a controlling appa 
ratus and method for storing data strings such as packets or 
frames. The data strings are inputted from a plurality of input 
interfaces to data queues formed of buffers, FIFOs, or 
RAMs, etc. in crossbar sWitches and system controllers, etc., 
in Which chip sets, such as server and PC, are included and 
a plurality of input and output interfaces are included. 

BACKGROUND OF THE INVENTION 

[0003] In the conventional computer systems, a CPU local 
bus Which is connected With a CPU and main memory or the 
like and an I/O bus connected With an I/O interface have 
been connected With a bus bridge. In such a conventional 
computer system, a large scale system hardWare structure 
has not yet been realiZed, and one CPU local bus has 
principally been connected to one I/O interface, namely on 
the basis of the 1: 1 relationship for the interface bridged With 
a bus bridge. 

[0004] Thereafter, in a computer system, such as a server 
Which is required to assure particularly higher processing 
capability like basic business processes in enterprises, the 
processing capability has been improved by interconnecting 
a plurality of processors. This is accomplished by realiZing 
a structure of the large scale SMP (Symmetrical Multi 
Processor) type. In the computer system of such a large scale 
SMP structure, the connecting structure provides a relation 
ship of n: 1 or n:m (n, m: natural number) of one I/O interface 
or a plurality of I/O interfaces for one I/O interface, or a 
plurality of I/O interfaces for a plurality of CPU local buses 
has been required. Accordingly, the conventional bus bridge 
has been replaced With a crossbar sWitch and a system 
controller for supporting a plurality of interfaces. In the 
crossbar sWitches or the like, there has been provided a 
storage structure including a data queue for a plurality of 
input interfaces. 

[0005] HoWever, the method for providing a data queue 
for every group of input interfaces is not effective because 
the number of data queues such as buffers, FIFOs, or RAMs 
increases as the number of input interfaces increases and the 
results in a problem in the development of crossbar sWitches 
or the like to realiZe a computer system of larger scale. 

[0006] FIG. 5 illustrates an eXample of a conventional 
data queue controlling apparatus including a plurality of 
input interfaces of an identical type. The data queue con 
trolling apparatus of FIG. 5 includes, as the input interface, 
the interfaces IFO to IE4 of the identical type. The apparatus 
receives the packet data 511 of a 4-byte Width outputted 
from the other Large Scale Integrations (LSIs) and output IF 
5 as an input interface. 

[0007] The packet data 511 of the 4-byte Width inputted to 
each interface of IFO to IE4 is coupled to the packet data of 
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an 8-byte Width in Which the even number packet data and 
folloWing odd number packet data are arranged With buffers 
521 to 525. The coupled packet data of 8-byte Width is 
queued to the RAMs 531 to 535 of 8-byte Width forming a 
data queue. The packet data of 8-byte Width queued to the 
RAMs 531 to 535 are converted again to tWo packet data of 
4-byte Width With conversion buffers 541 to 545. 

[0008] The converted packet data of 4-byte Width is 
respectively inputted to the inputs INO to IN4 of a multi 
pleXer 561. The packet data inputted to the multiplexer 561 
is selected With a priority controller 551 and thereby out 
putted to the IF 5. At the IF 5, the priority controller 551 
determines priority, such as IN0QIN1QIN2—>IN3—>IN4a 
IN1. 

[0009] As described above, the conventional data queue 
controlling apparatus has controlled the queuing of packet 
data by providing a data queue corresponding to the input 
interface on a 1:1 basis. HoWever, the amount of input of 
packet data from each input interface has not alWays been 
uniform, and therefore, loading the data queue correspond 
ing to each input interface on a 1:1 basis has not yet been 
effectively performed. 
[0010] Japanese patent publication No. 3452424 relates to 
a common buffer memory controlling apparatus, such as an 
ATM sWitching apparatus. The publication particularly dis 
closes a common buffer memory controlling apparatus 
Which is suitable for message communication services for 
transferring one message data consisting of a plurality of 
cells. Japanese patent publication No. 3452424 discloses a 
common buffer memory controlling apparatus for storing 
message data via separation into a plurality of cells Within 
the common buffer memory, Which is formed of a single 
buffer memory as the data queue. HoWever, Japanese patent 
publication No. 3452424 discloses technology for storing all 
message data into the buffer memory as the identical data 
queue. Thus, the effective queuing method of packet data for 
certain data queues formed of a number Which is less than 
the number of input interfaces is not disclosed in the patent 
document. 

[0011] Because the data queue of a buffer or a RAM of a 
large capacity requires a larger area, manufacturing yield of 
semiconductors is loWered. In addition, a logical amount of 
address decoders becomes large. Thus, for example, it is 
sometimes preferential, from the vieWpoint of yield of LSI, 
operating frequency, and poWer consumption thereof, to 
form the data queue of a constant amount by utiliZing the 
data queues of a plurality of buffers or RAMs of an inter 
mediate capacity rather than to form only one buffer or RAM 
of the larger capacity. In addition, such a data queue 
becomes inferior to the data queue of a buffer or a RAM of 
the intermediate capacity in operation frequency and poWer 
consumption. The terms large capacity and intermediate 
capacity do not indicate a quantitative concept but rather a 
relative concept, Which is determined by the amount of 
packet data inputted to the data queue controlling apparatus 
and the progress of semiconductor technology. 

[0012] Japanese patent publication No. 3452424 does not 
disclose an effective method of controlling data queues. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a diagram illustrating a structure eXample 
of the total hardWare of a computer system using a crossbar 
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switch LSI (XB), a system controller LSI (SC) and an I/O 
system controller (IOSC) LSI. 

[0014] FIG. 2 is a diagram illustrating a structure example 
of total hardWare of the computer system using the system 
controller (SC) LSI and the I/O system controller (IOSC) 
LSI. 

[0015] FIG. 3 is a diagram illustrating a structure example 
of hardWare of a system board (SB) to mount the system 
controller (SC) LSI. 

[0016] FIG. 4 is a diagram illustrating a structure example 
of hardWare of an I/O board (IOB) for mounting the I/O 
system controller (IOSC) LSI. 

[0017] FIG. 5 is a diagram illustrating a conventional data 
queue controlling apparatus comprising a plurality of input 
interfaces of an identical type. 

[0018] FIG. 6 is a diagram illustrating a ?rst embodiment 
of the present invention. 

[0019] FIG. 7 is a diagram illustrating details of a sus 
taining buffer. 

[0020] FIG. 8 is a diagram illustrating details of a trans 
forming buffer. 

[0021] FIG. 9 is a diagram illustrating an example of a 
timing chart in the ?rst embodiment of the present invention. 

[0022] FIG. 10 is a diagram illustrating a data packet 
storing image of RAM in the ?rst embodiment. 

[0023] FIG. 11 is a diagram illustrating an example of a 
timing chart in the ?rst embodiment. 

[0024] FIG. 12 is a diagram illustrating a data packet 
storing image of RAM in the ?rst embodiment of the present 
invention. 

[0025] FIG. 13 is a diagram illustrating a second embodi 
ment of the present invention. 

BRIEF DESCRIPTION OF EMBODIMENTS OF 
THE INVENTION 

[0026] In the conventional technology, in?uence on manu 
facturing yield, operation frequency, and poWer consump 
tion of LSIs has been a problem. When data queues of the 
buffer or RAM or the like is provided corresponding to a 
plurality of input interfaces on a 1:1 basis in the data queue 
controlling apparatus for storing packet data from a plurality 
of input interfaces, effective data queue control is dif?cult 
due to unequal input of packet data from the input interface. 
Capacity of common data queues becomes large if the single 
common data queue is provided. Accordingly, considering 
that a plurality of input interfaces are interfaces of the same 
kind, an effective data queue controlling method is realiZed 
Without use of a single common data queue by mounting a 
plurality of data queues formed of a number less than the 
number of input interfaces. In addition, a means for uni 
formly sharing the packet data With a plurality of data 
queues is provided. According to this method, since it is not 
required to use a single common data queue, the problem of 
manufacturing yield, operation frequency, and poWer con 
sumption of LSI can be eliminated. 

[0027] The present invention provides a data queue con 
trolling apparatus and a controlling method Which can save 
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physical data queues by providing, a means for using the 
data queues in common for the purpose of queuing, consid 
ering that a plurality of input interfaces to be connected are 
interfaces of the same kind. 

[0028] According to at least one embodiment of the 
present invention, a data queue controlling apparatus and 
method is provided. The method includes receiving data 
from a plurality of input interfaces, storing the received data 
into a plurality of data queues, and selectively outputting the 
data stored in a plurality of data queues With a selective 
outputting means. The apparatus includes an assigning 
device for sequentially assigning the data respectively 
received from a plurality of input interfaces to a plurality of 
data queues. 

[0029] According to at least one embodiment of the 
present invention, an information processing apparatus is 
provided, and includes a data queue controlling apparatus. 
The data queue controlling apparatus receives the data from 
a plurality of input interfaces, stores the received data into 
a plurality of data queues, and selectively outputs the data 
stored in a plurality of data queues With the a selective 
outputting approach and processes outputs from the data 
queue controlling apparatus. The information processing 
apparatus further includes an assigning device for sequen 
tially assigning the data received respectively from a plu 
rality of input interfaces to a plurality of data queues in order 
to process the data outputted from the same data queue 
controlling apparatus. 

[0030] According to at least one embodiment of the 
present invention, a data queue controlling method receives 
data from a plurality of input interfaces, stores the received 
data to a plurality of data queues, and selectively outputs the 
data stored in the plurality of data queues. The data queue 
controlling method includes, inputting the data from a 
plurality of input interfaces, sequentially assigning the data 
received from a plurality of input interfaces to a plurality of 
data queues, and selectively outputting the data assigned to 
a plurality of data queues. 

[0031] According to at least one embodiment of the 
present invention, a data queue controlling apparatus 
receives data from a plurality of input interfaces, stores the 
received data into a plurality of data queues, and selectively 
outputs the data stored in a plurality of data queues. The data 
queue controlling apparatus includes a plurality of multi 
plexers respectively provided corresponding to all data 
queues and connected to all input interfaces and any of the 
data queues. 

[0032] According to at least one embodiment of the 
present invention, the invention includes an information 
processing apparatus including a data queue controlling 
apparatus for receiving data from a plurality of input inter 
faces, storing the received data to a plurality of data queues, 
and selectively outputting the data stored in the plurality of 
data queues and processing the outputs from the data queue 
controlling apparatus. The data queue controlling apparatus 
further includes a plurality of multiplexers respectively 
provided corresponding to all data queues and connected to 
all input interfaces and the data queues to process the data 
outputted from the data queue controlling apparatus. 

[0033] According to at least one embodiment of the 
present invention, a data queue controlling apparatus 
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receives data from M (M is a natural number equal to or 
larger than 2) input interfaces and stores the received data to 
N (N is a natural number equal to or larger than 2 and equal 
to or less than M) data queues. The data queue controlling 
apparatus includes a ?rst priority controlling device for 
controlling priority With an output from a ?rst counting 
device to conduct the counting from 0 to (M-1), a second 
priority controlling device for controlling priority With an 
output of a second counting device for counting from 0 to 
(N-1), N M:1-selecting device connected to the M input 
interfaces to realiZe selective output With the selection signal 
outputted from the ?rst priority controlling device, N data 
queues respectively connected to the outputs of the N 
M:1-selecting devices on the 1:1 basis, and an N:1-selecting 
means connected to the outputs of the N data queues to 
realiZe selective output With the selection signal outputted 
from the second priority controlling device. 

[0034] According to at least one embodiment of the 
present invention, the data queue controlling apparatus 
further comprises M sustaining buffers coupling data blocks 
Which are respectively connected to the input interface 
means to output the coupled data respectively to the data 
queues. 

[0035] According to at least one embodiment of the 
present invention, the data queue controlling apparatus 
further comprises a plurality of N:1-selecting devices. 

[0036] According to at least one embodiment of the 
present invention, a data queue controlling method for 
receiving the data from the M (M is a natural number equal 
to or larger than 2) input interface devices and storing the 
received data to the N (N is a natural number equal to or 
larger than 2 and equal to or less than M) data queues. The 
data queue controlling apparatus further includes, a ?rst 
priority controlling device for controlling priority With an 
output from a ?rst counting device for counting from 0 to 
(M-1), and a second priority controlling device for control 
ling priority With an output from a second counting device 
for counting from 0 to (N-1). The data queue controlling 
apparatus inputs the data With the M input interfaces, selects 
respective data With the N M:1-selecting devices for select 
ing the data inputted from the input interfaces With the 
selecting signal outputted from the ?rst priority controlling 
devices, stores the data selected With the N M:1-selecting 
devices to the N data queues connected respectively on a 1:1 
basis, selectively outputs the data With the N11 selecting 
devices, Which inputs the data outputted from the N data 
queues, and selects the data With the selecting signal out 
putted from the second priority controlling device. 

[0037] According to at least one embodiment of the 
present invention, a data queue controlling apparatus 
includes a buffer for coupling a plurality of data blocks to 
one data block. The buffer output the coupled data, to the 
data queue after coupling the data inputted from the input 
interface. 

[0038] As described above, according to the present 
invention, the data queue controlling apparatus includes a 
plurality of input interfaces. The method of controlling the 
data queue utiliZes a plurality of data queues formed in a 
number less than the number of input interfaces and a device 
for uniformly sharing the packet data inputted from each 
input interface With each data queue. As a result, an effective 
data queue controlling apparatus and method are realiZed 
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Without use of a single common data queue. Thus, the 
problems of manufacturing yield, operation frequency, and 
poWer consumption of LSIs are reduced or eliminated. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0039] The ?rst and second embodiments of the present 
invention Will be described in detail With reference to the 
accompanying draWings. 

First Embodiment 

[0040] FIG. 1 illustrates an example of a complete hard 
Ware structure of a computer system utiliZing a crossbar 
sWitch (XB) LSI, a system controller (SC) LSI and an I/O 
system controller (IOSC) LSI. 

[0041] Aback plane (BP) 101 is provided With a plurality 
of crossbar sWitches (XB) LSIs 111 to 114 and controls 
connections of the system as a Whole through connectors 
161 to 164 by providing interfaces With system boards (SB) 
102, 103 and I/O boards (IOB) 104, 105. The system boards 
(SB) 102, 103 respectively mount a plurality of system 
controller LSIs (SC) 121 to 124, 131 to 134, a plurality of 
CPUs, and a memory controller (MAC) LSI for controlling 
a main memory (The CPU and memory controller (MAC) 
LSI are not illustrated in the ?gure). The system controller 
(SC) LSI includes the other system controller (SC) LSI 
mounted on the system board (SB) and interfaces With a 
plurality of CPUs and memory controller (MAC) LSIs 
(details Will be described herein beloW). Therefore, the 
system boards (SB) 102, 103 are considered as a unit of 
expansion of the processing capability in the relevant com 
puter system. The U0 boards (IOB) 104, 105 respectively 
mount a plurality of I/O system controller (IOSC) LSIs 141 
to 144, 151 to 154 and PCI slots or the like (PCI slots or the 
like are not illustrated in the ?gure). Accordingly, the I/O 
boards (IOB) 104, 105 are considered as a unit of expansion 
of I/O in the relevant computer system. 

[0042] Moreover, FIG. 2 illustrates an example of a 
complete hardWare structure of a computer system as a 
Whole utiliZing a system controller (SC) LSI and an I/O 
system controller (IOSC) LSI as the applicable product ?eld 
of the present invention. In this example, a crossbar (XB) 
sWitch LSI is not used. 

[0043] The back plane (BP) 201 mounts a plurality of 
transceivers 211 to 214 and controls connections of the 
system as a Whole through connectors 251 to 254 by 
providing interfaces With a system board (SB) 202 and an 
I/O board (IOB) 203. The system board (SB) 202 mounts a 
plurality of system controller (SC) LSIs 221 to 224, a 
plurality of CPUs, and a main memory controller (MAC) 
LSI for controlling a main memory (CPU and memory 
controller (MAC) LSI or the like are not illustrated). The 
system controller (SC) LSI includes another system control 
ler (SC) LSI mounted on the system board (SB), a plurality 
of CPUs, and an interface With memory (details Will be 
described later). Accordingly, the system board (SB) 202 is 
a unit of expansion of processing capability in the relevant 
computer system. The U0 board (IOB) 203 mounts a 
plurality of I/O system controller (IOSC) LSIs 231 to 234 
and a PCI slot or the like (In the ?gure, the PCI slot or the 
like is not illustrated). Therefore, the I/O board (IOB) 203 a 
unit of expansion of I/O in the relevant computer system. 
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[0044] FIG. 3 illustrates an example of a hardware struc 
ture of the system board (SB) for mounting the system 
controller (SC) LSI. 

[0045] The system board (SB) 301 mounts a plurality of 
system controller (SC) LSIs 311 to 314, a plurality of CPUs 
321 to 324, a plurality of memory controller (MAC) LSI 331 
to 334, a plurality of memory modules (DIMM) 341 to 344, 
and a plurality of connectors 351 to 354. 

[0046] Here, an example of the system controller LSI 311 
Will be described. The system controller (SC) LSI 311 is 
connected With the another system controller (SC) LSIs 312 
to 314, a plurality of CPUs 321 to 324, and a plurality of 
memory controller (MAC) LSIs 331, 332. In addition, the 
system controller (SC) LSI 311 has an interface With the 
crossbar sWitch (XB) LSI mounted on the back plane via a 
connector 351. Therefore, the system controller (SC) LSI 
311 performs data transmission and reception With the CPUs 
and memory controllers (MAC) connected to the system 
controller (SC) LSI. 

[0047] The system controller (SC) LSI 311 is connected 
With the CPUs 321 to 324 With an interface of the CPU local 
bus type, and With the memory controller LSIs 331, 332 via 
an interface of the memory bus type, and With the other 
system controller (SC) LSIs 312 to 314 via an interface of 
the inter-connect type. Moreover, the system controller (SC) 
LSI 311 is connected With a crossbar sWitch (XB) LSI via an 
interface of the inter-connect type. In general, an interface of 
the inter-connect type for the system controller (SC) LSI is 
used for connection. 

[0048] In addition, FIG. 4 illustrates an example of the 
hardWare structure of the I/O board (IOB) mounting the I/O 
system controller (IOSC) LSI. 

[0049] The 1/0 board (IOB) 401 mounts a plurality of I/O 
system controller (IOSC) LSIs 411 to 412, a plurality of 
UPA-PCI bridge (U2P) LSIs 421 to 424, a plurality of PCI 
slots 431 to 434, and a plurality of connectors 441 to 444. 

[0050] The 1/0 system controller (IOSC) LSIs 411 to 414 
are also provided With an interface With the crossbar sWitch 
(XB) LSI mounted on the back plane via the connectors 441 
to 444, and additionally With an interface With the UPA-PCI 
bridge LSI (U2P). A bridge LSI is formed betWeen the 
inter-connect and the UPA bus through interface conversion 
betWeen the inter-connect and the UPA bus. 

[0051] Moreover, the UPA-PCI bridge forms a bridge LSI 
betWeen the UPA bus and the PCI bus through the interface 
conversion betWeen the UPA bus and the PCI bus and 
performs data transmission and reception With the PCI cards 
mounted on the PCI slots (PCI-slot) 431 to 434. 

[0052] As described above, in the computer system of the 
large scale SMP structure, the crossbar sWitch (XB) LSI and 
the system controller (SC) LSI have a plurality of interfaces 
for the other LSIs. Moreover, a plurality of interfaces are 
formed of several kinds of interfaces for every kind of the 
partner LSIs for connections. In other Words, the same kind 
of interfaces are provided for the same kind of LSIs. 

[0053] FIG. 6 illustrates a ?rst embodiment of the present 
invention in the data queue controlling apparatus including 
a plurality of interfaces of the same kind. 

[0054] The data queue controlling apparatus of FIG. 6 
includes the interfaces IFO to IF4 of the same kind as the 
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input. These interfaces IFO to IF4 receive the packet data 611 
of the 4-byte Width outputted from the other LSIs and 
provide outputs to the IF5 as the output interface. 

[0055] The packet data 611 of the 4byte Width inputted to 
each interface IFO to IF4 is coupled to the even numbered 
packet data and the subsequent packet data of 8-byte Width 
in Which the odd number packet data are arranged With the 
buffers 621 to 625, 631 to 635, and 641 to 645 Whenever the 
data reaches 8 bytes. For example, the packet data inputted 
to the IFO is coupled, Whenever the data reaches 8 bytes, to 
the packet data of 8-byte Width in the sequence of the 
sustaining buffer (A0) 621Qsustaining buffer (B0) 631—> 
sustaining buffer (C0) 641. Details of the buffer Will be 
described later. 

[0056] As an example, When a header of the packet 
destination information or the like is mounted or allocated to 
the even numbered packet data and the principal packet data 
is mounted to the subsequent odd number packet data as the 
format to constitute tWo packet data of 4-byte Width, the 
packet data read from the data queue can be controlled by 
storing the packet data into the data queue after coupling the 
data to the coupled packet data of 8-byte Width. 

[0057] The coupled packet data of 8-byte Width is respec 
tively inputted to INO to IN4 of a multiplexer circuit 
(MUXO) 651, a multiplexer circuit (MUX1) 661 and a 
multiplexer circuit (MUX2) 671. The multiplexer circuits 
(MUXO to MUX2) 651 to 671, respectively select the 
coupled packet data inputted from the INO to IN4 of respec 
tive multiplexer circuits With the select signal outputted 
from a ?rst priority control circuit (PRIORITY CONTROL 
1) 681 and respectively provides the outputs to the Write data 
buffer (A5) 652 or to the Write data buffer (B5) 662 or to the 
Write data buffer (C5) 672. 

[0058] Here, the ?rst priority control circuit 681 performs 
priority control on the basis of a round robin method 
controlled by a counter circuit. Here, the priority control 
based on round robin method is the method for periodically 
changing the priority sequence using a counter value. 

[0059] For example, according to this method, When a 
count value changes to 0%1Q2Q3Q4Q5Q0Q in the 
multiplexer circuit (MUXO) 651, the input is selected as 
IN0QIN1QIN2QIN3QIN4—>(non-selection)QIN0. 
Moreover, in the multiplexer circuit (MUX1) 661, When the 
count value changes to 0Q1Q2Q3—>4Q5Q0, the input is 
selected as IN2QIN3QIN4Q(non-selection)QIN0—> 
IN1—>IN2. Moreover, in the multiplexer circuit (MUX2) 
671, When the count value changes to a1Q2Q3—>4—>5a 
0, the input is selected as IN4Q(non-selection)QIN0a 
IN1QIN2QIN3QIN4. 

[0060] The coupled packet data stored in the Write data 
buffer (A5) 652, Write data buffer (B5) 662, and Write data 
buffer (C5) 672 are stored in RAM (RAM-0) 653, RAM 
(RAM-1) 663; or RAM (RAM-2) 673 Which Will respec 
tively become data queues When data is Written to the Write 
address outputted from the address control circuits 654, 664, 
and 674. 

[0061] The coupled packet data stored in the RAM (RAM 
0) 653, RAM (RAM-1) 663, and RAM (RAM-2) 673 are 
respectively held in the read data buffer (A6) 655, read data 
buffer (B6) 665, or read data buffer (C6) 675. 
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[0062] The coupled packet data held in the read data buffer 
(A6) 655, read data buffer (B6) 665, or read data buffer (C6) 
are respectively inputted to INO to IN2 of the multiplexer 
circuit (MUX3) 683. 

[0063] The multiplexer circuit (MUX3) 683 selects the 
coupled packet data inputted from the INO to IN2 With the 
select signal outputted from a second priority control circuit 
(PRIORITY CONTROL-2) and provides an output to a 
transforming buffer (TR-BUF) 684. 

[0064] The second priority control circuit (PRIORITY 
CONTROL-2) 682 performs the priority sequence control 
With the round robin method. 

[0065] For example, the multiplexer circuit (MUX3) 683 
selects input such as IN0QIN1QIN2Q(non-selection)—> 
INO as the count value changes as a0%1Q2Q3Q0, for 
example. 

[0066] Moreover, in the transforming buffer (TR-BUF) 
684, the coupled packet data is converted to tWo packet data 
of the 4-byte Width and is then outputted from the IF 5 as the 
output interface of the data queue controlling apparatus. 
Details of the transforming buffer Will be described later. 

[0067] According to the embodiments of the present 
invention, the data queue controlling apparatus and method 
including a connection relationship of n:1 (n is a natural 
number) is realiZed. 

[0068] As an example of the assigning device of the 
present invention, there is provided a structure comprising 
the multiplexer circuit (MUXO) 651, multiplexer circuit 
(MUX1) 661, and multiplexer circuit (MUX2) 671 and the 
?rst priority control circuit (PRIORITY CONTROL-1) of 
the ?rst embodiment. HoWever, the practical structure is not 
limited thereto, and the present invention also includes 
structure Which is changed or modi?ed Within the scope of 
the subject matter of the present invention. 

[0069] Operations of Sustaining Buffer 

[0070] FIG. 7 illustrates details of the sustaining buffer. 
The sustaining buffer couples the input packet data of the 
4-byte Width, Whenever the data reaches 8-bytes, to the 
packet data of the 8-byte Width in Which the even numbered 
packet data and folloWing odd number packet data are 
arranged or coupled. 

[0071] First, the even numbered packet data of 4-byte 
Width is stored ?rst in a ?rst 4-byte buffer (4 Byte BUFFER 
0) 701 through the control of the enable signals (enable 0, 
enable 1) from a controller 704 and is stored in a second 
4-byte buffer (4 Byte BUFFER-1) 702 in the next cycle. 
Moreover, the even numbered packet data of 4-byte Width 
folloWing the even numbered packet data is stored in the ?rst 
4-byte buffer 701. 

[0072] Here, the output bit 63:62 of the ?rst 4-byte buffer 
701 and the output bit 31:0 of 702 are merged and thereby 
coupled to the data of the 8-byte Width of the bit 63:0. 
Moreover, the coupled 8-byte Width data is outputted from 
a tristate buffer 703 With the enable signal from the con 
troller 704. It can be understood that tWo packet data of 
4-byte Width are coupled to the packet data of 8-byte Width 
With the operations described above. 
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[0073] Operations of Transforming Buffer 

[0074] FIG. 8 is a diagram illustrating details of the 
transforming buffer. The transforming buffer transforms the 
input coupled packet data of 8-byte Width into tWo packet 
data of 4-byte Width. 

[0075] First, the coupled packet data of 8-byte Width is 
controlled With the enable signal and select signal (enable0, 
select, enable1). Thereby, the bit 31:0 of the coupled packet 
data is stored to a ?rst 4-byte buffer (4 Byte BUFFER-0) 801 
With the enable 0 signal. Moreover, the bit 63:32 of the 
coupled packet data is stored to a second 4-byte buffer (4 
Byte BUFFER-1) 804 by selecting the IN1 input of the 
multiplexer circuit (MUX) 802 With the select signal. 

[0076] Here, after the bit 63:32 of the coupled packet data 
is stored in the second 4-byte buffer (4 Byte BUFFER-1) 
804, the packet data of 4-byte Width of the bit 63:32 is 
outputted in the next cycle by selecting the INO input of the 
multiplexer circuit (MUX) 802. The selection is accom 
plished With the select signal from the controller, and the bit 
31:0 is stored to the second 4-byte buffer (4 Byte BUFFER 
1) 804. In addition, in the next cycle, the packet data of 
4-byte Width of the bit 31:0 is outputted. With the operations 
described above, the coupled packet data of 8-tyte Width is 
transformed to tWo packet data of 4-byte Width. 

[0077] Timing Chart 

[0078] FIG. 9 is a diagram illustrating an example of a 
timing chart according to at least one embodiment of the 
invention. In the timing example, the four packet data of 
4-byte Width are continuously inputted to the IF 0, While 10 
packet data of 4 byte Width are inputted continuously to the 
IF 1, as illustrated. For simplifying the timing chart, no data 
is inputted to IF 2 to IF 4. The COUNT column indicates a 
count value of the counter circuit Within the ?rst priority 
control circuit (PRIORITY CONTROL-1) 681 in FIG. 1, 
While the IFO to IF5 columns indicate respectively the 
input/output interfaces in FIG. 1. The A0 to A5, B0 to B5, 
and C0 to C5 columns indicate respectively contents stored 
in the sustaining buffer and Write data buffer. 

[0079] For example, the data x0 and x1 Which are tWo 
packet data of 4-byte Width inputted from the IFO are 
coupled and stored in the sustaining buffer A0 as the coupled 
packet data x0+x1 While the COUNT=5. In the same man 
ner, the data y0 and y1 as the tWo packet data of 4-byte Width 
inputted from the IF1 are coupled and stored in the sustain 
ing buffer A1 as the coupled packet data of y0+y1. 

[0080] Moreover, in the next cycle, COUNT=0, outputs of 
the sustaining buffers A0 and A1 compete in the multiplexer 
circuit (MUXO) 651 of FIG. 6, but the coupled packet data 
x0+x1 is stored in the Write buffer A5 under the priority 
control of the ?rst priority control circuit (PRIORITY CON 
TROL-1) 681 in FIG. 1. 

[0081] Moreover, in the next cycle, COUNT=1, the 
coupled packet data x0+x1 stored in the Write buffer A5 is 
stored to the RAM (RAM-0) 653 in FIG. 1. In addition, the 
coupled packet data y0+y1 stored in the buffer A1 is stored 
in the Write buffer A5. 

[0082] In the next cycle, COUNT=2, the coupled packet 
data y0+y1 stored in the Write buffer A5 is stored into the 
RAM (RAM-0) 653 as the data queue in FIG. 1. 
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[0083] The data X2 and x3 as the subsequent packet data 
of 4-byte Width in the IFO and the data y2, y3, y0‘ to y5‘ as 
the subsequent packet data of 4-byte Width in the IF1 are 
also stored, under similar control, to the RAM (RAM-0) 
653, RAM(RAM-1) 663, or RAM (RAM-2) 673, as the data 
queues in FIG. 6. 

[0084] FIG. 10 illustrates a storing image of data packets 
of the RAM (RAM-0) 653, RAM (RAM-1) 663 and RAM 
(RAM-2) 673 after completion of the operation of FIG. 9 as 
an example of the timing chart according to at least one 
embodiment. 

[0085] FIG. 11 is a diagram illustrating another example 
of the timing chart in the ?rst embodiment. This timing 
example corresponds to the case Where the packet data of 
4-byte Width is continuously inputted to the IFO to IF4 
Without intermission. The COUNT column, IFO to IF5 
column, A0 to A5, B0 to B5, and C0 to C5 columns 
respectively indicate the contents, similar to that in FIG. 9. 
According to the timing chart of FIG. 11, it can be under 
stood that even When the packet data of 4-byte Width is 
continuously inputted Without intermission to the IFO to IF4 
as the total input interfaces, the data is stored to the data 
queues RAM (RAM-0) 653, RAM (RAM-1) 663, or RAM 
(RAM-2) 673 because the priority control is executed nor 
mally. 

[0086] FIG. 12 illustrates a storing image of data packet 
of the RAM (RAM-0) 653, RAM (RAM-1) 663, and RAM 
(RAM-2) 673 after completion of operations in FIG. 10, 
Which is another example of the timing chart according to at 
least one embodiment. 

Alternative Embodiment 

[0087] FIG. 13 illustrates an alternate embodiment of the 
data queue controlling apparatus of the present invention in 
Which a plurality of interfaces of identical type are com 
prised. 

[0088] The data queue controlling apparatus of FIG. 13 
includes, as the input, the interfaces of identical type IFO to 
IF4 to respectively receive the packet data of 4-byte Width 
1311 outputted from the other LSI and provide an output to 
the output interface IF5. 

[0089] The packet data of 4-byte Width 1311 inputted to 
each interface IFO to IF4 is coupled, Whenever the data 
reaches 8 bytes, to the packet data of 8-byte Width in Which 
the even numbered packet data and folloWing odd number 
packet data are arranged With the sustaining buffers 1321 to 
1325, 1331 to 1335, and 1341 to 1345. For example, the 
packet data inputted to the IFO is coupled, Whenever the data 
reaches 8 bytes, to the packet data of 8-byte Width in the 
sequence of the sustaining buffer (A0) 1321 sustaining 
buffer (B0) 1331 sustaining buffer (C0) 1341. Details of the 
sustaining buffers Will be described herein beloW. 

[0090] As an example, a header of the packet destination 
information or the like can be mounted or allocated to the 
even numbered packet data. The data itself of the packet data 
is mounted to the subsequent odd numbered packet data as 
a format to form the tWo packet data of 4-byte Width. The 
control required after the packet data is read from the data 
queue can be realiZed easily by storing the data after the data 
is coupled to the packet data of 8-byte Width. 
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[0091] The coupled packet data of 8-byte Width is respec 
tively inputted to the INO to IN4 of the multiplexer circuit 
(MUXO) 1351, multiplexer circuit (MUX1) 1361, and mul 
tiplexer circuit (MUX2) 1371. The multiplexer circuit 
(MUXO) 1351, multiplexer circuit (MU1) 1361, and multi 
plexer circuit (MUX2) 1371 respectively select the coupled 
packet data inputted from the INO to IN4 of the respective 
multiplexer circuit With the select signal outputted from the 
?rst priority control circuit (PRIORITY CONTROL-1) 
1381. The multiplexer circuits respectively provide the 
outputs to the Write data buffer (A5) 1352 or Write data 
buffer (B5) 1362 or Write data buffer (C5) 1372. 

[0092] Here, the ?rst priority control circuit (PRIORITY 
CONTROL-1) 1381 executes priority control based on the 
round robin method by utiliZing a counter circuit. 

[0093] For example, in this method, the multiplexer circuit 
(MUXO) 1351 selects an input as IN0QIN1QIN2—>IN3Q 
IN4Q(Non-selection)QIN0 as the count value changes to 
0Q1Q2Q3Q4Q5Q0. Moreover, the multiplexer circuit 
(MUX1) 1361 selects an input as IN2QIN3QIN4Q(Non 
selection)QIN0—>IN1—>IN2 as the count value changes to 0 
1Q2Q3Q4—>5—>0. Moreover, the multiplexer circuit 
(MUX2) selects an input as IN4Q(Non-selection)QIN0—> 
IN1QIN2—>IN3QIN4 as the count value changes to 0Q1—> 
2Q3Q4Q5—>0. 

[0094] The coupled packet data stored in the Write data 
buffer (A5) 1352, Write data buffer (B5) 1362, and Write data 
buffer (C5) 1372 is respectively stored to the data queue 
RAM (RAM-0) 1353 or RAM (RAM-1) 1363 or RAM 
(RAM-2) 1373 by Writing the packet data to the Write 
addresses outputted from the address control circuits 1354, 
1364, 1374. 

[0095] The coupled packet data stored in the RAM (RAM 
0) 1353, RAM (RAM-1) 1363 and RAM (RAM-2) 1373 is 
respectively held in a read data buffer (A6) 1355, or read 
data buffer (B6) 1365, or read data buffer (C6) 1375. 

[0096] The coupled packet data held in the read data buffer 
(A6) 1355, read data buffer (B6) 1365, or read data buffer 
(C6) 1375 is respectively inputted to the INO to IN2 of the 
multiplexer circuit (MUX3) 1383 and INO to IN2 of the 
multiplexer circuit (MUX4) 1384. 

[0097] The multiplexer circuit (MUX3) 1383 and the 
multiplexer circuit (MUX4) 1384 select the coupled packet 
data inputted from the INO to IN2 With the select signal 
outputted from the second priority control circuit (PRIOR 
ITY CONTROL-2) and provide an output to the transform 
ing buffer (TR-BUFO) 1385 or transforming buffer (TR 
BUF1) 1386. 

[0098] Here, the second priority control circuit (PRIOR 
ITY CONTROL-2) 1382 executes the priority control based 
on the round robin method by utiliZing a counter circuit. 

[0099] For example, the multiplexer circuit (MUX3) 1383 
selects an input as IN0QIN1QIN2Q(Non-selection)QIN0 
When the count value changes to 0Q1Q2—>3—>0. More 
over, the multiplexer circuit (MUX4) 1385 selects an input 
as IN1QIN2Q(Non-selection)QIN0QIN1 When the count 
value changes to 0Q1Q2—>3Q0. 

[0100] Moreover, after conversion to the tWo packet data 
of 4byte Width of the coupled packet data in the transforming 
buffer (TR-BUFO) 1385 and transforming buffer (TR 






